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THE PHYLOGENY AND CLASSIFICATION OF 
REPTILES 



S. W. WELLISTON 
University of Chicago 



Not many years ago it was the fashion to construct phylogenetic 
trees, often of wonderful design, for almost every group of animal 
and vegetable life. Because of the failure of so many of them, the 
practice has somewhat fallen into desuetude in recent years, and 
it is only hesitatingly that I have ventured, for the first time, to 
express in tabular form my own views of the phylogeny and classi- 
fication of the reptiles. I do so the more readily, however, as I 
have no startling novelties to offer. 

Phylogenetic schemes are always useful when constructed with 
proper discrimination and with due regard to the known and the 
unknown. They often furnish some residue of permanent knowl- 
edge, some real contribution to taxonomy and the doctrine of 
evolution; or, if not, by their failure they limit the field of legiti- 
mate speculation. 

Especially has our greatly increased knowledge of the early 
land vertebrates, both at home and abroad, rendered it possible, 
I believe, to approximate more closely the real origin of many 
forms of vertebrate life than it was a dozen years ago. It was not 
long ago that we were seeking the beginning, or at least the early 
stages, of all reptile life in the order Rhynchocephalia. Because 
we found, or thought that we found, in Sphenodon, or Hatteria, as 
the genus was long called, the most generalized or primitive char- 
acters among living reptiles, it was not unnaturally assumed that 
its immediate ancestral stock was the most primitive reptilian 
type of the past. And when Credner discovered a quarter of a 
century ago, far back in the Permian rocks, another very primitive 
reptile, it was also assumed, too readily, that it was of the same 
stock. Upon that error, and it was an error, was built an elaborate 
edifice with the Rhynchocephalia as its cornerstone, until, as so 
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Fig. i. 



PHYLOGENY AND CLASSIFICATION OF REPTILES 413 

often in such cases, it was found that the foundation was insecure, 
and the edifice toppled. Everything was made to fit the uncertain 
base. Baur made the Proganosauria an integral part; Baur and 
Osborn found in the ichthyosaurs a mere wing; Broom and Osborn 
added a true cotylosaur; and Baur and Case built in the 
pelycosaurs; Protorosaurus and Pleurosaurus were mere chinks; 
and everybody (except Cope) united with them the lizards and 
snakes. I do not mention these names in any invidious spirit; 
they are all of men justly famous for their work in paleontology. 




Fig. 2. — Sphenodon, skull from side and above. Diapsida. Recent 



We all have the same proclivity, to find or to think that we find 
those things for which we are seeking. As Baur himself has said, 
they show "wie leicht man sich taiischen lassen kann, wenn man 
durch eine allgemeine giiltige Anschauungsweise beeinfiusst wird." 
A growing skepticism of the Rhynchocephalian affinities of Paleo- 
hatteria disclosed little support for the far-reaching conclusions 
based upon it; and, one by one, other assumptions have fallen 
by the wayside. A careful examination of the type specimens of 
Paleohatteria assured me that the genus was really a member of 
the Theromorpha. Watson holds the same opinion; and Huene 
has urged its relationship to the Pelycosauria. 

It was Cope who, years ago, first suggested that in the temporal 
region of the skull the surest criteria for the classification of the 
Reptilia are to be found. Woodward carried the suggestion 
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further, and showed their availability, but it was Osborn and 
McGregor who first applied them definitely. They assumed too 
much, as we have seen, but the credit is due to Osborn, more than 
to anyone else, for the foundation of a true reptilian phylogeny, 
and to him we owe especially a better knowledge of the double- 
arched reptiles. He has called them the Diapsida, and there is 
no better name for them. After the elimination of the forms which 
we are sure do not belong with them, we are all now, I think, in 
accord as to their phyletic unity. It is only in details that further 
research (and there is much yet to be done) will be of value. The 
separation of the great group called the dinosaurs, first proposed 
by Seeley and warmly espoused of late by von Huene, into two 
co-ordinate divisions, the Saurischia and Ornithischia, has much 
to commend it. Valid arguments for the phyletic unity of the 
pterosaurs, crocodiles, and pseudosuchians have been offered by 
Huene, and their close relations with the phytosaurs and other 
"thecodonts" is probable. All of these have certain annectant 
characters, which, to me at least, are impressive. Altogether they 
constitute the phyletic group of the Archosauria, a term we owe 
to Cope. 

The Diaptosauria, the other component group of the Diapsida, 
is much smaller than when Osborn named it; and of the few forms 
that are left, one, the Thalattosauria of Merriam, is discordant 
and uncertain. It has been offered as a connecting link between 
the true rhynchocephalians and the squama te reptiles; I would 
rather shift it bodily to the Parapsida. The Diaptosauria are the 
more generalized diapsids; the distinction between them and 
the Theromorpha is not great. The earliest assured member of 
the Diapsida has been carried back, I believe, no farther than late 
Permian, in Youngina, to which Broom has given the inappropriate 
group name of Eosuchia, inappropriate because Eosuchus Dollo 
is a true crocodile. 

The origin of the Diapsida, thanks chiefly to Baur and Case, 
seems clear. These authors thought that the Pelycosauria were 
really a part of the Rhynchocephalia, and for years they were 
classed among them in our textbooks. It was an error, but the 
error has shown, definitely I think, how the Diapsida arose, by the 
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simple separation in reptiles with a lower temporal vacuity of 
the orbito-squamosal arch, leaving an upper temporal opening. 
The bones here are usually loosely connected, so loosely indeed in 
Ditnetrodon that it is only within the past few years that we have 
become sure that the separation was not permanent; a permanent 
separation, one that would admit a knife blade even, and the deed 
is done. Whether or not Ophiacodon is a real example of this 
beginning, and I believe that it is, from such forms as Mycterosaurus 
the step to the diapsid type is trivial. If I am correct, and I am 
confident that I am, we then have the origin of the double-arched 
reptiles in early or middle Permian times from theromorph reptiles 
with a single, typically lower, temporal opening, possibly from forms 
not unlike Paleohalteria. 

This group or subclass, which, with due modifications of the 
original concept, may properly bear the name Synapsida given to it 
by Osborn, includes scores of well-known genera of the orders 
Theromorpha, Therapsida, and doubtless also the Sauropterygia. 
It is the group that gave origin to the mammals, and has long 
since been extinct. In its simplest and most primitive types, 
together with all primitive characters of the skeleton, it has a 
single temporal opening bounded below by the jugal, above by the 
postorbital and squamosal. This opening, I believe, arose by the 
separation of the squamosal and jugal, and not by a definite 
perforation of any bone. And this opening is the sole char- 
acter by which the group is ultimately distinguished from the 
Cotylosauria, its ancestral stock. 

The evolution of the theromorph type through the dinoce- 
phalian, therocephalian, and theriodont to the mammalian seems 
assured by the African discoveries. In this evolution the structure 
of the temporal region has undergone changes of which we do not 
yet feel sure. The theriodont and anomodont reptiles, like the 
plesiosaurian, may have the temporal opening extending from 
the jugal to the parietal, apparently homologous with the combined 
openings of the diapsid forms, or, as Watson has suggested, with 
neither the synapsid nor diapsid ; but, tracing the development as 
a whole, I should sooner believe that they all arose from the prim- 
itive type like that of Ditnetrodon or Mycterosaurus, that is, from 
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a typically lower opening bounded above by the postorbito- 
squamosal arcade. In none of these forms does the quadratojugal 
enter into the opening; in some it has entirely disappeared; and 
the former, I believe, was the primitive condition. The opening, 
I believe, first appeared below and behind the orbit, at the apex of 
the squamosal. In the Cotylosauria the squamosal is a large bone 
extending far down on the side of the skull and back of the quad- 
rate. In Dimetrodon and Sphenacodon, indeed, the quadratojugal 
is almost confined to the posterior side of the quadrate. Its 
tendency was to disappear in this type of skull, and only in some 
Diapsida did it become a part of the lower arch. 




Fig. 3. — Myclerosaurus, skull, natural size. Synapsida, Permocarboniferous 



It seems now evident that the temporal openings arose in yet 
another way: by the primitive separation of the postorbito- 
squamosal arcade from the parietal in the stegocrotaphous skull; 
and it seems very probable that this type of skull arose very early 
in geological history, as early as the lower opening, and before the 
separation of the upper arch in the diapsid skull. In these forms, 
or in most of them at least, an additional temporal bone was 
retained long after it was lost in other groups. And this is one 
of the reasons why I believe that the Ichthyosauria and the Squa- 
mata arose from a common or allied stem, direct from the Coty- 
losauria. For this phylum I propose the name Parapsida. As 
we have seen, Baur and others, because of the many primitive 
characters of the Ichthyosauria, believed that the order came from 
the original double-arched stem, that the lower temporal opening 
had been secondarily closed. Cope, in 1896, asserted that the 
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ichthyosaurs had an independent origin from the Cotylosauria, and 
so indicated in a phylogenetic diagram. Broom adopted this 
view in 1901. In 1904 I quoted Cope's views with approval. 
More recently von Huene has reached the same conclusion, finding 
in the Proganosauria or Mesosauria, as here accepted, either the 
ancestral stock or one closely allied to it. Baur, it is true, in 1887 
considered the Proganosauria as the ancestral stock of the ichthy- 
osaurs, but Baur's Proganosauria later included Paleohatteria, 
believed to be a double-arched reptile. Merriam accepted the 
Cotylosaurian ancestry, and Sollas very recently has voiced his 
approval. 1 Indeed, the opinions now seem to be unanimous and 
further discussion is superfluous. 





Fig. 4. — Araeoscelis, skull, from side (A), and above (B), natural size. Parapsida 
Permocarboniferous. 



No order of reptiles has been the subject of more dispute than 
the Squamata. The apparent absence of the quadratojugal, and 
the presence of an additional bone in the upper temporal region, 
together with the freely movable quadrate, have been explained 
in various ways. At one time the arch articulating with the 
proximal end of the quadrate was considered the lower one, and 
the two bones the squamosal and quadratojugal. Again, the 

1 Sollas makes a rather curious error in saying that I was prepared to accept 
the view, with certain reservations, of the direct descent of the ichthyosaurs from the 
Stegocephalia. What I said was that the two bones in the temporal region of the 
ichthyosaurs point to a direct origin from the stegocrotaphous reptiles. 
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lower arch with the quadratojugal has been supposed to be lost, 
or replaced by a ligament, and the upper bones called by various 
names: supratemporal, squamosal, prosquamosal, etc. This lat- 
ter view is the one now generally accepted, and, according to it, 
the lizards have arisen from a primitively diapsid type which, by 
the loss of the lower arch and the acquirement of streptostyly, has 
become secondarily single-arched. Twelve years ago I ventured 
the opinion that the two temporal bones of the squamate skull are 
the tabular and squamosal, the former a bone unknown or unrecog- 
nized in other reptiles since Triassic times. This view has nowhere 
obtained approval except by Broom. For years past von Huene, 
Broom, and I have repeatedly urged that the Lacertilia are a more 
primitive type of reptiles than the Rhynchocephalia, and, years 
ago, I ventured the prediction that the order would eventually 
be discovered in the Permian. The discovery of Araeoscelis in the 
Permocarboniferous of Texas seems to fulfil that prediction. 
Araeoscelis has a single temporal opening bounded quite as in the 
lizards, but with a fixed quadrate, the broad temporal region below 
unperf orated. The cervical ribs are single-headed and attached 
to the centra. I am convinced that the Araeoscelis type of skull, 
by the simple emargination of the lower border of the squamosal 
and the consequent streptostyly, gave origin to the Lacertilia. 
Watson has also shown that Pleurosaurus, a Jurassic genus which 
has long been located among the Rhynchocephalia, likewise has a 
single, upper temporal vacuity, with a fixed quadrate, but the 
squamosal narrower. He believes that the genus was ancestrally 
related to the Squamata, though he differs from me in the inter- 
pretation of the bones of the temporal region, adopting the original 
Baur view of the presence of squamosal and quadratojugal. This 
group I have called the Protorosauria, believing that Seeley was 
correct in his original interpretation of Protorosaurus. 

Whatever may be the interpretation, one thing is evident: 
even earlier than the origin of the upper vacuity in the Diapsida 
a simple upper vacuity, as in the lizards, had developed, but with 
the temporal region imperforate below, and this type persisted in 
Pleurosaurus to late Jurassic. If the Squamata did not originate 
in this way, then Araeoscelis and Pleurosaurus and probably 
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Protorosaurus must represent an entirely new order of reptiles, 
which very properly may be associated with the Ichthyosauria in 
the division I call the Parapsida. It might be urged that the 
Diapsida originated from such a type by the development of a 
lower vacuity after the upper one had been evolved. The argu- 
ments against this view are too many and too potent; I need not 
repeat them. 

Admitting three chief groups of reptiles arising in late Penn- 
sylvanian or early Permian times, we have yet another, one which 
by general consent is ancestral to all later amniota, the Coty- 
losauria, and their direct descendants the Chelonia. 




Fig. 5. — Pantylus, skull, from side, three-fourths natural size. Anapsida 
Permocarboniferous. 

In this group the temporal region of the skull is wholly imper- 
forate, and for the most part completely roofed over, a group which 
very properly may be called the Anapsida. It was Baur who first 
asserted that the turtles could not have originated from reptiles 
with a perforated temporal region. Cope derived the order directly 
from the Cotylosauria, through the Chelydosauria, an order based 
upon a misapprehension. I approved and emphasized Baur's 
views in 1904. Case and Hay both hold the same opinion, and 
only recently Watson has forcibly and convincingly presented the 
claims of Eunatosaurus, from the Permian, as a real connecting 
link between the two orders. And Broom and others are of the 
same opinion. This unanimity of opinion renders further discus- 
sion superfluous; Watson has presented the arguments. 

We have, then, at least four main divisions or subclasses of the 
class Reptilia, all beginning in Paleozoic times, and all represented 
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by their direct descendants today; the birds, crocodiles, and 
tuatara of the Diapsida; the mammals of the Synapsida; the 
lizards and snakes of the Parapsida; and the turtles of the Anap- 
sida. They suggest the following linear arrangement of the 
known groups, the doubtful or poorly known ones, perhaps entitled 
to ordinal rank, printed in italics: 

Anapsida Diapsida 

Cotylosauria Rhynchocephalia 

Chelonia Rhynchosauria 

Synapsida Thalattosauria 

Theromorpha Choristodera 

Therapsida Phytosauria 

Sauropterygia Pseudosuchia 

Placodontia Crocodilia 

Parapsida Pterosauria 

Ichthyosauria Dinosauria 

Squamata "Eosuchia" 

Protorosauria (Araeos- 
celidia, Acrosauria) 

I am aware that other general phylogenetic schemes of the 
Reptilia have been proposed, especially by Boulenger and Goodrich, 
but long years of study of the reptiles has convinced me that, 
while all may have features worthy of consideration, the chief 
reliance must be placed upon the skull structure, especially that 
of the cranial and temporal regions. As von Huene and others 
have urged, these parts are the most conservative, and least liable 
to homoplastic duplication. Next to the skull, the ribs are con- 
servative. In all the Archosauria the double-headed dorsal ribs 
are attached to the diapophyses. In the Diaptosauria (except 
Thalattosauria), the Synapsida (except the Sauropterygia), and 
Anapsida the rib tubercle articulates with the arch, the capitulum 
with the intercentral space, while in the Parapsida, so far as known, 
the ribs are attached more or less exclusively to the centra. Other 
characters originally proposed as distinctive between the Diapsida 
and the Synapsida in the wider sense have been proven to be invalid. 
We know that the primitive foot structure is nearly that of the 
lizards and Sphenodon of today, that the reduction of the phalanges 
in the theriodonts and turtles is purely homoplastic. The supposed 
relationship between the turtles and the plesiosaurs is also purely 
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homoplastic; nor am I aware of any constant character in the 
girdles, limbs, or ventral ribs. Goodrich, in a recent paper on 
the phylogeny of reptiles, relies greatly upon the structure of the 
feet, especially of the fifth metatarsal. I cannot accept his con- 
tentions, some reasons for which I have published elsewhere. 

Just when the animals we call reptiles arose in geological history 
we do not know; certainly it was in early Pennsylvanian times, 
probably in Mississippian. That they arose from what we call 
the Amphibia, forms with temnospondylous vertebrae, is certain, 
though there is probably not much more reason for calling the 
ancestral stock Amphibia than Reptilia. I prefer to call it, 
provisionally, Protopoda. It was ancestral to both, and both 
classes have advanced since their divergence, the Amphibia some, 
the Reptilia much. Could we find, as some time we hope that we 
may, in mid-Mississippian or late Devonian times, a skeleton of 
one of those ancestral creatures, we should perhaps not call it by 
the name of any known order; it would be the old question over 
again of the differences between animals and plants. At present 
we know the Protopoda only by their footprints. As it is, we are 
dealing chiefly with archaic forms, even by the close of Penn- 
sylvanian times, forms which have retained in various degrees 
their primitive characters while adding or losing others in different 
ways. Just as the most primitive mammals now living have 
become highly specialized in the loss of teeth, so too the amphibians, 
as we know them in Paleozoic times, were more or less specialized 
or degenerated. The only known distinctive characters between 
the two classes, as represented by their known skeletons in Permo- 
carboniferous times, are found in the atlas and feet, and doubtless 
some time we shall find these differences bridged over. For a 
long time we relied upon the open palate of the Amphibia, but 
Watson has deprived us of that support, and now we are compelled 
to group the characters at length in any differential diagnosis of 
the two classes. However, with nearly every character in common 
to the Amphibians and reptiles, we are never in doubt as to which 
class a given form belongs if we know it well enough, for all the 
common characters have never been found in the same specimen, 
and doubtless never will be in any specimen from rocks later than 
the Mississippian. 



